Although electroconvulsive shock (ECS) has been in use therapeutically for almost forty years, studies establishing criteria for treatment and prediction of results in clinical practice are still lacking . A conditioning hypothesis to account for the therapeutic effects of electroconvulsive therapy (ECT) is advanced here, and a clinical study is reported which supports its validity. This may be the first clinical study to apply the principles of conditioning to ECT.
Animal Studies
Parametric studies of the effects of ECS have been performed with animals, using the single ECS paradigm (1) (2) (3) (4) . In these studies the effects are attributed to retrograde amnesia (RA) produced by disruption of memory trace consolidation (the structural encoding of consequent storage of memory). These studies demonstrate that RA gradually diminishes and finally disappears as the time between learning trial and ECS increases. Amnesia is produced by ECS and is a positive function of the learning-ECS interval.
Misanin, Miller and Lewis (6) presented data which are most relevant to the present clinical study -that ECS has its effects on those memories with which it is contiguous. In a one-trial conditioning situation they classically conditioned a response suppres-*Presented at the Canadian Psychiatric Association Meeting, Banff, Alberta, September, 1975. 'Now at Helene Fuld Medical Center, Trenton, N.J.
Can. Psychiatr. Assoc. J. Vol. 21 (1976) sion to a conditioned stimulus (CS). First the animals were made thirsty, then allowed to drink. While they were drinking a CS (bell) rang, followed by footshock (the unconditioned stimulus). One experience of this type was found to be effective in making the subjects suppress drinking each time the CS was presented on subsequent trials. If ECS was presented immediately following the footshock, amnesia for the footshock developed, and upon subsequent presentation of the CS the animals continued to drink as if nothing had happened. This is a standard amnesic experiment with typical results. However, another group of animals was included whose treatment was not so standard -twenty-four hours after learning to avoid the footshock in response to the bell they were returned to the apparatus, presented with the bell (CS) and given ECS immediately following. For this group the ECS was presented twenty-four hours following learning to avoid the footshock, sufficient time to permit the learning engram to have become completely consolidated. But these subjects also developed a strong amnesia, whereas controls which were presented with the bell alone, or the ECS alone, did not. This confirmed the conjecture of these authors that in general ECS has its effect on those memory, arousal, and response processes with which it is relatively contiguous, and that the age of the memory is not a crucial factor but rather the degree of contemporaneousness of the memory -the memory-ECS time interval. 87
If the memory is active at the time of the ECS it will be inhibited, whether its origin is an old retrieved memory or newly acquired. Misanin et al. distinguished between two kinds of memory -active memory and inactive memory. Active memories are all those currently 'in the mind's eye'. These are memories used at any specific time and they are selected from all those of the organism; all the other memories are inactive, and because of this they are only slightly susceptible to amnesic disruption.
Indirectly, such controlled studies of ECS, using animal subjects, provide the basis for formulating a testable hypothesis for the effective application of ECT. While extrapolating from animal to human subjects presents difficulties, Miller (5) in a review of theories of ECT noted that, "There seems to be no good reason to suppose that an electrically induced convulsion in an animal is a different phenomenon from such a convulsion induced in a human and therefore, providing the procedural differences are borne in mind, it is reasonable to use theoretical ideas derived from animal research to suggest theoretical approaches for work with humans. "
A Conditioning Model
The proposed model and resulting hypothesis concern the effects of ECT on neurotic and psychotic symptoms and predict specific conditions under which treatment applications will be most effective in reducing overt symptom patterns, and in maintaining a symptom-free state for considerable time periods.
The model considers 'attention' to be the effective 'selector' of the contents of consciousness, i.e. the active memory event to be disrupted by ECS. Contents of consciousness (active memories) have their neural correlates and essentially constitute the unique reaction of the subject to these neural events, for example, " ... an image of which I am not conscious now will appear in my imagination if appropriate stimuli activate some of my neurons ... " (9) . Thus suggesting imagery for a person's attention necessarily activates the neural correlates of that imagery. Suggesting the main psychopathological imagery for the attention of the patient necessarily activates ('selects') the neural correlates of that imagery. Giving ECT at that instant disrupts the neural correlates of the "selected" imagery and pari passu, ablates (by RA) the correlated psychopathological imagery. Thus, as stated in the hypothesis below, contiguity (the principle of conditioning) between psychopathology and ECS can be obtained and controlled. The model proposed is oversimplified, as most theoretical models are, but" . . . even a very oversimplified model may be quite useful in the early stages of a theoretical investigation ..
." (7) .
Usually, routine ECT is given with the patient anesthetized, or when he is terrified, attending to what is going on in his immediate environment at the time of treatment. In either routine methods the psychopathology is not 'in the mind's eye' -'selected' as it were -when treatment is administered. The factor of contiguity between psychopathology and ECT is thus not controlled. Based on the preceding discussion, the following hypothesis is offered:
If the patient's attention is strongly directed, by hypnosis if necessary, to his most disturbing feelings and imagery, and if he is instantly given ECT (awake) there should result a significantly greater amelioration and reduction of symptoms than is obtained when ECT is given in the usual way.
Patients whose psychopathology is refractory to all previous treatment should be "cured" by RA, disruption of the active memory contiguous with the ECT.
Method
Twenty-eight patients hospitalized, or with a history of hospitalization because of mental illness, voluntarily participated in this experiment. The ECS apparatus was a Medcraft, model B-24, set at 150 Volts; .6 seconds. The procedure was as follows: electrodes were attached as usual and a syringe containing 40 mg. of succinylcholine was inserted in an antecubital vein. Then, patients with obsessions and compulsions were instructed to act them out. Those with 'These patients were hypnotized and induced to believe their horrific thoughts or paranoid delusions were coming true.
hallucinations remained 'ready' until hallucinations occurred. When symptoms were observable the succinylcholine was administered in order to reduce fracture risk. At the instant fasciculation was observed ECT was administered to prevent succinylcholine from acting as an aversive stimulus. t
The twenty-eight patients thus treated included seven who had previously been treated with routine ECT (with anesthesia). These patients served as their own controls. In none was routine ECT effective. The total number of previous treatments ranged from 5 to 28 (median = 10). All patients, following a single ECT given according to the above hypothesis, improved dramatically for periods of three months to ten years to date. One relapsed after nine months but recovered after further treatment. The probability of this effectiveness resulting from chance factors only is less than .1 percent. This estimate is based on the number of previous ineffective treatments (Fisher's exact probability test).
As can be seen from the Table, patients in each category relapsed. In each such case, relapse was total and sudden, and contingent on an event occurring which served to 'remind' the patient of his 'forgotten' psychopathology. Such relapses would be expected and predicted in the context of current research on the Encoding Specificity Principle, which states "What is tSix cc of 2 percent solution of Brevitol was administered I. V. after the seizure while the patient was comatose, to prevent the transient post-ictal .confusion from acting as an aversive stimulus to further treatment by keeping the patient asleep a few minutes, just as giving Brevitol in the routine manner (before succinylcholine) does. This method also serves as control for any other effects of Brevitol when comparing this method to routine treatment given with Brevitol, succinylcholine, and ECT in that order. stored is determined by what is perceived and how it is encoded, and what is stored determines what retrieval cues are effective in providing access to what is stored" (8) . Thus we cannot expect that all symptoms can be 'permanently cured' by a single ECT when given according to the present hypothesis; but, by tracing the associations of the undesirable behaviour and administering ECT as described, it should be possible to treat more effectively patients whose behaviour had been refractory to previous therapy, and forewarned that further relapse is possible -and treatable.
Discussion
Generalizing from the model, symptoms treated by ECT can be divided into two broad categories -intermittent states and steady states -and can be discussed as corollaries to the hypothesis.
Corollary IFor Intermittent States
Hallucinations, delusions and compulsions may escape the effects of routine ECT since they are already protected in the inactive memory state by anesthesia or the selector (attention) being linked to environmental and irrelevant stimuli. Contradictory results (10) comparing relative memory loss with various modification of techniques for routine ECT (unilateral, etc.) are regarded as factitious for therapeutic effect when viewed in the light cast by the proposed model: the most important factor, what the patient had 'in mind' at the time of treatment, was uniformly ignored. Vol. 21, No.2 
Corollary II For Steady States
Routine ECT is a tried and true remedy for depression because the symptoms of depression are primarily in a steady state. Predominantly they involve subcortical psychomotor and affective centres which since they are already conditioned to conscious content of everyday life are comparatively unaffected by brief cortical anesthesia or wandering attention. Catatonia, which is also a steady state, may respond well to routine ECT for the same reasons. Patients with acute schizophrenia are also in a steady state, virtually constantly selecting hallucinatory and delusional imagery. Predictably, they also respond well to routine ECT because during the series of treatments the pathological neural correlates are bound to be affected sooner or later.
The probability of successful treatment outcome can be increased by using the method described above and the following significant benefits may be obtained: increase in correct prediction of results of ECT, with consequent reduction of treatment failures; reduction in number of ECT given to each patient due to increased therapeutic effect of each treatment; decreased risk of bodily injury association with decreased number of treatments; increased number of patients who can benefit from ECT; possible new applications of ECT to parapsychiatric conditions, such as habitual criminality, drug addiction and so on; also variations of the hypothesis presented could be used to study learning, recent and remote memory and recall and so on, in patients receiving ECT anyway, in a manner parallel to the animal studies cited.
Conclusion
This paper is a preliminary report, offerred in the hope that it can serve as a broker between theoretical progress and clinical usefulness. To determine the validity of the hypothesis and the reliability of the results, large scale double-blind controlled experi-ments must be done, comparing the outcome of ECT given in the routine manner with ECT given as suggested here.
Resume
Cette etude est un rapport preliminaire presente dans l' espoir qu' il servira comme lieu intermediaire entre les progres theoriques et l' application clinique. Afin de determiner la validite de I' hypothese et l'authenticite des resultats, on doit proceder ades experiences controlees adouble insu, sur une grande echelle, comparant les resultats des EC donnes d'une facon routiniere avec ceux des EC suggeres dans cette etude.
